REMARKS 



Claims 1-6 have been canceled. New claims 7-26 have been added. Thus, claims 7-26 are 
presented for examination. Applicants respectfully request allowance of the present application 
in view of the foregoing amendments. 

The amendments are not made for purposes of patentability. 

A marked up copy and a clean copy of the Substitute Specification incorporating the 
changes to the specification in the present Preliminary Amendment are provided with this 
application. No new matter has been added by way of the Substitute Specification. 



The commissioner is hereby authorized to charge any appropriate fees due in connection 
with this paper, including the fees specified in 37 C.F.R. §§ 1.16(c), 1.17(a)(1) and 1.20(d), or 
credit any overpayments to Deposit Account No. 19-2179. 
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De s cription 

VACUUM HOUSING FOR A MAGNETIC RESONANCE APPARATUS 

CROSS REFERENCE TO RELATED APPLICATIONS 

[00011 This application is the US National Stage of International Application No. 
PCT/EP2005/050172, filed January 17. 2005 and claims the benefit thereof The 
International Application claims the benefits of German application No. 10 2004 004 
294.2 DE filed January 28, 2004, both of the applications are incorporated by reference 
herein in their entirety. 

FIELD OF INVENTION 

[00021 The invention relates to a vacuum housing for a magnetic resonance 
apparatus with a recess for leading through lead wires to elements inside the vacuum 
housing and with at least one first lead-through module. 

BACKGROUND OF INVENTION 

[00031 One approach to suppressing the noise generated during the operation of a 
magnetic resonance apparatus (MR apparatus) is to surround the largest possible part of 
the vibrating surfaces of the MR apparatus with a vacuum. To this end the MR 
apparatus is for example enclosed in an air-tight casing, where the pressure is approx. 
100 mbar. The evacuation of the encased hollow space causes the sound to be 
decoupled between the vibrating surfaces and the outer wall of the vacuum casing. The 
problem then arises of the air-tight leading through of lead wires into the inside of the 
vacuum housing. The lead-throughs for bulky power lines from encased gradient coils 
and the associated cooling circuit are particularly complex. The high current intensities 
mean that rigid and correspondingly bulky supply lines are used with large conductor 
diameters for example. Further example of possible lead wires are electric service lines, 
e.g. for low-level signals for temperature measurement or control currents, which flow 
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with current intensities of up to 5 mA in controllable magnetic field coils within the 
vacuum casing. 

SUMMARY OF INVENTION 

[00041 The object of the invention is to specify a vacuum housing for a magnetic 
resonance apparatus, which allows bulky lead wires to be led through to elements 
inside the vacuum housing. 

100051 The object relating to the vacuum housing mentioned in the introduction is 
achieved in that the first lead-through module has a first cover plate, which is 
configured such that, together with at least one second cover plate, it seals the recess in 
a vacuum-tight manner and that the first lead-through module has a first structural 
component, which is to be led through the recess at least partially during assembly of 
the lead-through module and whose dimensions define the minimum size of the recess, 
which is greater than that of the first cover plate. 

[00061 One advantage of the vacuum housing according to the invention is that it 
simplifies the leading through under a vacuum of bulky structural components, in that it 
decouples the size of the recess required by the dimensions of the first structural 
component from the size of the cover plate assigned to the first structural component. 
On the one hand, this makes it simpler to handle, e.g. fit or change, bulky structural 
components, without on the other hand adversely affecting the geometry of the vacuum 
housing. 

[00071 One example of a bulky structural component is a gradient line for example, on 
which significant forces act due to the large currents in the magnetic field. As a result it 
is very rigid and stable. The gradient line connects a gradient coil via the lead-through 
module to an electric contact of a power supply, arranged outside the vacuum chamber. 
It can have a length of more than 1 m and its form is tailored to the spatial conditions. 
For example it can run along a radial line from the lead-through module to the gradient 
coil within the vacuum chamber, while outside the vacuum chamber its form is such 
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. that it can be connected to a contact even if said contact is arranged at a different 
azimuthal angle. Being a largely inflexible line, it has dimensions that make it difficult 
to handle. With the aid of the invention it can be fitted or removed easily. 

[00081 In a particularly advantageous development of the vacuum housing the second 
cover plate is part of a second lead-through module. This has the advantage that the size 
of the recess, as required due to the structural components to feed lead wires in and out 
through the recess, can be used for further lead wires to elements inside the vacuum 
housing. 

[00091 In a particularly advantageous development, the second lead-through module 
comprises a drawer-type lead unit. This makes it possible to lead for example a high- 
frequency, temperature signal line and/or a shim control line such that the electric line 
can be connected electrically to a plug connector for example, having been led even to 
a region that is difficult to access due to the geometry of the MR apparatus and being 
inspected there. 

[00101 Further advantageous embodiments of the invention are characterized by the 
features of the dependent claims subclaims . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00111 An exemplary embodiment is described below with reference to Figures 1 and 
2, in which: 

FIG 1 shows a vertical section through the front region of a magnetic resonance 
apparatus with a cylindrical basic field magnet along the cylinder axis and 

FIG 2 shows a perspective view of a section of the vacuum housing, in which a recess 
with two lead-through modules can be sealed. 

DETAILED DESCRIPTION OF INVENTION 
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[00121 Figure 1 shows a schematic diagram of a section through a magnetic resonance 
apparatus 1 with a cylindrical basic field magnet 3. The magnetic resonance apparatus 1 
is fixed to the ground using a stable mount 4, which for example comprises two parallel 
supports 4A. The principal magnetic axis 5 corresponds to the axis of symmetry of the 
cylinder of the basic field magnet 3. A patient can be inserted into the examination area 
9 of the magnetic resonance apparatus 1 with the aid of a patient support 7. Large 
magnetic fields are required in the examination area 9 for the magnetic resonance 
examination. These are modified by gradient magnetic fields from the gradient coil 
units 1 1 to allow imaging with local resolution. The strength of the basic magnetic 
field, the gradient current intensity and the ramp time of the gradient currents are of 
significance for image quality. 

[00131 Because of the large currents in the gradient coils 1 1 in the prevailing magnetic 
field of the basic field magnets 3, strong Lorenz forces act on the respective gradient 
coils and cause vibrations, which result in greater noise emissions. 

100141 For the purposes of noise suppression, the vibrating system components are 
insulated acoustically from the examination area 9 with the aid of a vacuum housing 13, 
which essentially encloses the basic field magnet 3 and the gradient coil units 1 1 
completely. The vacuum housing 13 comprises a central region 15, rear and front 
annular cladding 17 A, 17B and two annular sealing plates 19 A, 19B, which are 
attached in a vacuum-tight manner to the basic field magnet 3. The detachable parts of 
the vacuum housing 13 are attached in a vacuum-tight manner using sealing rings 20 A, 
20B. The volume enclosed by the vacuum housing 13 is for example evacuated to a 
pressure of 100 mbar. This causes the acoustic decoupling of the vacuum housing 13 
and thus the examination area 9 from the vibrating components within the vacuum 
housing. In an alternative advantageous embodiment of the vacuum housing 13, the 
central part, the rear front plate 17A and the sealing ring 19A can be executed as single 
piece. 
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[00151 With such an MR apparatus 1 a wide range of wires have to be led into the 
inside of the vacuum housing: 

• Gradient lead wires to gradient coils to generate variable and non-homogeneous 
magnetic fields by means of controlled current pulses of several hundred amps, 

• Body coil signal lines to send and receive high-frequency pulses, 

• Cooling lines to remove dissipative power of for example up to 20 kW due to 
resistive losses in the gradient coils, 

• Low-level signal lines, for example, to measure temperature with the aid of 
NTCs, 

• Control power lines to adjust the basic magnetic field characteristics to the 
conditions at the time of measurement (shim control currents). 

[00161 Figure 1 for example shows three rigid gradient lines 21 for the three spatial 
directions, in which gradient magnetic fields are to be generated. They have a section 
21 A in the vacuum and a section 21 B running outside the vacuum housing. These have 
to be configured in a stable manner because of the forces acting on the gradient lines 
due to the strong magnetic field and the very large currents. The gradient lines are 
therefore rigid and bulky to handle when fitting and removing. In one possible 
embodiment, similar to the coaxial line, they are for example realized with wires with a 
diameter of 15 mm, running in an insulated manner in copper tubes of for example 
approx. 22 mm diameter. The large currents require such a diameter. The stable and 
therefore bulky structure of the gradient lines 21 is not restricted to the region within 
the vacuum housing, as large magnetic fields are also present outside the vacuum 
housing, below the basic field magnet in the instance shown in Figure 1 . 

[00171 To accommodate the bulky gradient lines 21, in Figure 1 the front plate 17B has 
a scoop-like shape in the region of the patient support 7. To restrict access to the 
examination area 9 as little as possible, the lead wires to the gradient coils were 
arranged in the region of the entry point of the patient support 7. This scoop 
arrangement also has the advantage that the increased space required for the vacuum 
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casing is kept as small as possible. 

100181 Use of the vacuum housing 13 requires simple maintenance and replacement of 
the lead-through lines even in restricted spatial conditions. According to the invention, 
the lead wires, for example the gradient lines 21 with the lead-through module 23, can 
be removed completely for service purposes, even in restricted spatial conditions, 
without having to lift the magnet for example. The gradient line 21 A thus represents a 
component, which has to be led through the recess 25 during assembly of the lead- 
through module 23A and whose dimensions predetermine the minimum size of the 
recess 25, which is larger than that of a cover plate 31 A of the lead-through module 
23A. 

[00191 Figure 2 shows a perspective view of the front sealing plate 19B in the region of 
the lead-through modules 23 A, 23B, which are arranged low down in the recess 25 in 
the sealing plate 19B. A viewing direction from the examination area 9 out to the recess 
25 was selected for this. For a free view of the lead-through modules 23 A, 23B, the 
gradient coils 1 1 , the field magnet 3 and the vacuum housing 1 3 (with the exception of 
the sealing plate 19B) are not shown. 

[00201 Figure 2 shows the two parallel supports 4A, 4B on which the basic field 
magnet 3 rests. A contact unit 27 for the gradient lines 21 A, . . ., 21 C is arranged on the 
support 4A. 

[00211 The gradient lines 21 A, 21 C and low-level signal lines 29 are pre-mounted 
in a vacuum-tight manner on the cover plates 31 A, 3 IB. The lines 21, 29, together with 
the cover plates 31 A, 3 IB, form the lead-through modules 23 A, 23B, which together 
seal the recess 25 in a vacuum-tight manner. They are for example screwed onto the 
sealing plate 1 9B in a vacuum-sealed manner to this end. 

[00221 Because a number of lead-through modules 23 A, 23B seal the recess 25 
together, it is possible to fit or remove even the very rigid configuration of the lead- 
through module 23 A through the recess. Gradient lines 21 can be changed as follows by 
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way of example: 

[00231 Once the front plate 17B has been removed, the low-level signal lines, which 
are positioned with the aid of the lead-through module 23D, are disconnected and the 
lead-through module 23B is removed in the direction of the arrow. The gradient lines 
21 are also disconnected from the gradient coil 1 1 and from the contact unit 27. The 
lead-through module 23 A is then removed completely by rotating about the principal 
magnet axis 5, by pulling and in some instances by tilting. This is possible, as 
according to the invention the size of the recess is tailored to the dimensions of the 
bulky gradient lines 21B. This procedure is shown by the arrows 33A, . . ., 33C in 
Figure 2. 

[00241 A particular feature of the lead-through module 23D is a drawer-type structure 
35, which in the assembled state projects into the inaccessible region below the basic 
field magnets 3. It makes it possible for example to lead in signal input lines 
advantageously, such that they can be connected easily to corresponding electronic 
units 37. The drawer-type structure 35 is led for example through lead-throughs 39A, 
. . ., 39C, which are attached to the basic field magnet 3. 

[00251 Alternatively the low-level signal lines 29 can for example be led through tubes, 
which serve to lead the lines, to the corresponding components 37. If the lead-through 
module 23B is removed for example, the lines 29 run through the lead tubes and can be 
unscrewed on the rear of the cover plate. If both connections are opened with the ends 
of the one of the lines 29, said line can be drawn through the lead tube running below 
the magnets 3 for example and be reinserted or changed after a service inspection. 

(00261 As shown schematically in Figure 2, a larger recess can also be sealed in a 
vacuum-tight manner by more than two lead-through modules 23 A, 23B. To illustrate 
this, Figure 2 shows an exemplary third lead-through module 23C with a broken edge. 
The lead-through module 23C can be used for example to lead through cooling lines 41. 
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